Pay for performance (P4P) has been used as a strategy to improve quality for patients with chronic illness. Little was known whether care provided to individuals with multiple chronic conditions in a P4P program were cost-effective. This study investigated cost effectiveness of a diabetes P4P program for caring patients with diabetes alone (DM alone) and diabetes with comorbid hypertension and hyperlipidemia (DMHH) from a single payer perspective in Taiwan. Analyzing data using population-based longitudinal databases, we compared costs and effectiveness between P4P and non-P4P diabetes patient groups in two cohorts. Propensity score matching (PSM) was used to match comparable control groups for intervention groups. Outcomes included life-years, quality-adjusted life-years (QALYs), program intervention costs, cost-savings and incremental cost-effectiveness ratios (ICERs). QALYs for P4P patients and non-P4P patients were 2.80 and 2.71 for the DM alone cohort and 2.74 and 2.66 for the DMHH patient cohort. The average incremental intervention costs per QALYs was TWD$167,251 in the DM alone cohort and TWD$145,474 in the DMHH cohort. The average incremental all-cause medical costs saved by the P4P program per QALYs were TWD$434,815 in DM alone cohort and TWD$506,199 in the DMHH cohort. The findings indicated that the P4P program for both cohorts were cost-effective and the resulting return on investment (ROI) was 2.60:1 in the DM alone cohort and 3.48:1 in the DMHH cohort. We conclude that the diabetes P4P program in both cohorts enabled the long-term cost-effective use of resources and cost-savings, especially for patients with multiple comorbid conditions.
Introduction
The increase in patients with multiple chronic conditions (MCCs) poses a great challenge to many countries' healthcare systems, especially those with aging populations [1, 2] . Diabetes has a global prevalence of 8.3%, and more than 90% of people with diabetes have one or more comorbid chronic conditions [3] [4] [5] . Hypertension and hyperlipidemia are two often uncontrolled modifiable cardiovascular disease (CVD) risk factors in patients with type 2 diabetes [6] . Based on National Health Interview Surveys, the U.S. found a 9% and 15% increase in diabetes and hypertension between 1999 and 2009 [7] . Similarly, Taiwan has seen a more than a two-fold increase in the number of cases of diabetes with comorbid hypertension and hyperlipidemia from 10.47% in 2000 to 25 .65% in 2009 [8] . Such patients have a lower quality of life, higher utilization of health care services and related costs, and significantly higher risk of CVD-related morbidity and mortality [9] [10] [11] . Therefore, to provide patient-centered care for those multi-morbid diabetic patients became important priority in many countries [2] .
Pay for performance (P4P) has been embraced by many developed nations as a strategy to improve healthcare delivery and quality for patients with chronic illness. For examples, the United Kingdom National healthcare system and Australia P4P programs pay extra bonuses for reward improvement for providing good quality of care for diabetes patients [12, 13] . A P4P can be considered cost-effective when quality is improved at equal or lower costs. However, P4P quality of care schemes are normally based on single-disease clinical practice guidelines [1, 4, 14] , little were known whether care provided to individuals with multiple comorbid conditions in such a P4P program receive equal or better cost-effective compared with individuals with single disease. Patients with multiple chronic conditions often require more effort and time for health providers to achieve targeted outcomes under a P4P program. Nonetheless, frequent and regular P4P outpatient follow-up visits may decrease the risks of any diabetesrelated end point (e.g., microvascular disease, myocardial infarction or death) for those people in need [15] , which would in turn reduce health utilization and health expenses related to emergency visits or hospitalizations.
Existing studies on the cost-effectiveness (CE) of P4P are scarce and inconclusive [16] [17] [18] , not to mention an evaluation on cost-effectiveness of P4P on patients with multiple comorbid conditions particularly. Most have focused on the quality improvements of P4P programs, but have neglected their cost and cost-effectiveness [16, 17, [19] [20] [21] . This knowledge gap has been noted by a number of reviews [16, 17, [19] [20] [21] . Few studies have attempted to estimate costeffectiveness using full economic evaluations (e.g., quality adjusted life-years, QALYs) [16, 19] . For example, two studies conducted comprehensive cost-effectiveness or cost-utility analysis of a P4P program among hospitals participating in P4P and those not participating in the program in England and in the United States [19, 22] . Tan [24] . These two studies, however, only focus on single-disease perspective. To date, no study has examined to what extent of cost-effectiveness of a P4P program on caring patients with multiple chronic conditions.
The purpose of this study is to investigate whether a diabetes P4P program allowed for a cost-effective use of resources and to what extent their cost effectiveness differed for caring patients with Diabetes alone and multiple comorbid conditions (hypertension and hyperlipidemia) from a single payer perspective in Taiwan. Taiwan National Health Insurance (NHI) implemented a diabetes P4P program aimed at improving quality in health care for diabetes patients. Physicians who specialized in metabolic disorders or endocrinology or those who had participated in a training program for diabetes shared care were eligible to participate in the program [25] . They and their medical care staff members at the various hospitals and clinics were expected to work as a coordinated physician-led multi-disciplinary team adhering to clinical guidelines established for the care of diabetes patients [26] . We conducted longitudinal retrospective observational cohort study using population-based longitudinal national health insurance claims data for a 2007 to 2012 period. Our primary objective was to examine the cost-effectiveness of P4P in patient cohorts with Diabetes alone and multiple comorbid conditions (hypertension and hyperlipidemia), and to investigate the incremental gains in cost-effectiveness between two groups. We hypothesized that the long-term cost-effectiveness may be greater in the patients with multiple comorbid conditions under the P4P program scheme. The results of such a study could help in future P4P program development on care for multiple chronic conditions.
Methods

Study Design and Data Sources
We conducted a longitudinal observational cohort study design using three nationwide population-based databases in Taiwan for a 2007 to 2012 period. One database was a nationwide diabetes P4P database from which we could precisely identify whether patients were enrolled in the P4P program. Another was the NHI administrative claims database from which we could obtain information on patient comorbidities and health provider characteristics. The other was a database containing death registry data, which provides accurate death date information. Due to the legal and privacy protection policy in the grant contract according to the NHI administration (NHIA) policy, data was restricted and not available to public. Data was only available for researchers who have grant contracts with the NHIA to access anonymized and de-identified patient records. This study received ethical approval from the Institutional Review Board (IRB) (KMUH-IRB-20130019) in Kaohsiung Medical University Hospital in Taiwan.
Study Population
Using nationwide NHI claims data, we included type 2 diabetes patients if he or she had primarily diabetes diagnosis (ICD-9-CM codes with 250.xx or A-code 181, excluding 250.x1 or 250.x3) in at least two outpatient visits or at least one inpatient hospitalization for each year during 2007 and 2008. Using the P4P database, we identified newly enrolled P4P patients as study P4P cohorts during the patient identification period and defined the date for each P4P patient as the date that they were first enrolled in the P4P program as index date. Patients younger than 18 years old at index date were excluded. We then identified non-P4P diabetes patients as comparison groups if those patients were not found to be enrolled in the P4P program during the above-stated time period. The S1 Fig provides more information about study inclusion and exclusion criteria.
To address the issue of patient having multiple outpatient visits to different healthcare providers, we applied the plurality provider algorithm for assigning a non-P4P patient to the most frequently seen physician, defined as one who billed for the greatest number of care visits during identification period, as has been used in previous studies [25, 27, 28] . We directly assigned P4P patients to the physician who enrolled them into the P4P program as the most frequently seen physician. In total, there were 11,894 physicians treating 76,901 of P4P patients and 826,612 of non-P4P patients. About 9.30% of diabetes populations were newly enrolled in the P4P program.
We further identified patients with hypertension and hyperlipidemia from those diabetes patients from NHI administrative claims within one year prior to the enrollment date for each patient. We first classified patients with hypertension if they have at least two outpatient visit or inpatient hospitalization with ICD-9-CM diagnosis codes 401.xx; or have been prescribed at least one anti-hypertensive medication on the basis of the Anatomical Therapeutic Chemical Classification System (ATC codes) with anti-hypertensive, diuretics, beta blocker, calcium channel blockers and agents acting on the renin-angiotensin system. We then also classified patients with hyperlipidemia if they have at least two outpatient visits or inpatient hospitalization with ICD-9-CM diagnosis codes 272.xx; or have been prescribed at least one anti-hypertensive medication on the basis of ATC code with lipid modifying agents. For more details about ATC codes for the antihypertensive and anti-lipidemic drugs, please see the S1 Table. After excluding numbers of diabetes patients with only hypertension and with only hyperlipidemia, a total 14,267 of P4P and 220,383 of non-P4P patients with diabetes alone (DM alone) and 29,566 of P4P and 202,944 of non-P4P diabetes with comorbid hypertension and hyperlipidemia (DMHH) were included in the final analysis.
To avoid potential confounding by selection bias and confounding factors, we used propensity score matching approach (PSM) to determine comparison groups. Using a logistic regression model, we created propensity scores that predicted the probability of patients' enrollment in the P4P program in DM alone and the DMHH cohorts separately. The covariates included patients' demographic characteristics (age and gender), a diabetes complication severity index (DCSI) [29] , a chronic illness with complexity (CIC) index [30, 31] . The DCSI takes into consideration seven categories of complications (identified by ICD-9-CM codes): cardiovascular complications, nephropathy, retinopathy, peripheral vascular disease, stroke, neuropathy, and metabolic disorders. DCSI has a total score of 13 points, the higher score, the more severe the disease state. The CIC index was used to adjust for comorbidity of patients with multiple chronic diseases. This index covers non-diabetes physical illness complexity (including cancers, gastrointestinal, musculoskeletal, and pulmonary diseases), diabetes-related complexity, and mental illness/substance abuse complexity. Diabetes-related complexity of CIC was not included to avoid duplication comorbidity-related values captured by the DCSI index [25] . Following previous studies [25, 27] , both DCSI and CIC measures were categorized into three categories (0, 1, and > = 2). In addition, because the P4P program required health staff worked as a team to care patients and cost structures may differ in different level of health institutions, health care provider characteristics were also included, such as accreditation level (medical center, regional hospital, local hospital or clinic), ownership type (public, not-for-profit, or forprofit), and geographic location (Taipei, northern, central, southern, Kao-Ping, or eastern area), to capture the resources and capacities for individual health care institutions.
The PSM caliper matching method with 1 to 1 match was used to match intervention group members with comparison group based on propensity score [32, 33] . Given that non-P4P patients lacked specific enrollment index dates, their index date was assigned based the index date of their matched counterpart in their corresponding P4P group. To compare between groups, we followed each P4P and non-P4P patient for four years from the index date. Any patient was censored if he or she dropped out of the insurance program or had died.
Cost Measures
We analyzed costs from a single payer perspective. Two distinct types of direct medical costs were measured. The first was the P4P program intervention cost, which was measured using diabetes-related outpatient costs ("DM-OPD costs"). Given that the P4P programs paid physicians quality bonuses for providing essential examinations/tests outlined by the program in addition to regular DM-OPD diabetes care and thus P4P patients may visit physician office more frequently than non-P4P patients, the difference of DM-OPD treatment costs between P4P and non-P4P patients would be reflected in the program intervention costs. Second, we measured cost-savings from P4P program using two parameters. One was the potential costsavings resulting from reduced costs in diabetes-related emergency visits and hospital admissions, which were measured as diabetes-related medical costs ("DM-ED/INP costs"), and the other was all-cause medical costs with the exclusion of the DM-OPD costs. It is assumed that improved quality of care through regular outpatient follow-up visits would decrease the risks of any diabetes-related end point (e.g., microvascular disease, myocardial infarction or death) [15] , which would in turn reduce health utilization and health expenses related to emergency visits or hospitalizations. Cost data were extracted from the NHI claims and adjusted to 2007 price based on the NHI global budgeting annual negotiation rate (approximately 3% discount rate). Costs are presented in Taiwan Dollar (TWD). The exchange rate between TWD and USD dollars is about 1:30 in this study.
Effectiveness Measures
We used patients' life-years saved (LYs) and quality-adjusted life years saved (QALYs) as effectiveness measures because intensive diabetes care may decrease risks of complications or death and thus increase life years [15] . Life-years were measured from the index date till death or the date of last follow-up within four years in the censored data. Mean general utility weighted was calculated as proxy measures to capture health-related utility for P4P and non-P4P diabetes patients in this study. Specifically, we used survey data from the generic Short-Form (SF) 12 survey instrument, which is a multidimensional generic measure of health-related quality of life for chronic care [34, 35] , to estimate health-related quality of life (HRQoL). Following previous published preference-based algorithms, the SF-12 scores were converted to utility weights, ranging from 0 to 1 [34] [35] [36] . The higher utility weight, the better the health-related quality of life. This data were derived from one of our working studies, which is a large-scale nationwide cross-sectional survey of diabetes patients with and without enrollment in Taiwan's diabetes P4P program from February to November in 2013. As shown in the S2 Table, the total number of type 2 diabetes in the survey was 1,296 (938 P4P patients, 357 non-P4P patients). The overall utility weight for P4P and non-P4P patients in our study were 0.71(±0.01) and 0.70 (±0.02). QALYs were then measured by multiplying life-years by utility weight of each patient in both P4P and non-P4P groups.
Economic and Statistical Analytical Approach
In order to answer the study questions, we conducted a cost-utility analysis. We analyzed the costs over the 4-year period for each patient and discounted the effects over the expected patient life. We analyzed data using multiple generalized linear regressions while controlling for variations from patient characteristics and health care provider factors for DM alone and the DMHH cohorts separately. A heteroskedasticity-robust standard error adjustment was used, and patients were clustered within health care institutions to control for unequal error variances across institutions. We then calculated incremental costs and effectiveness by differences in these values for P4P and non-P4P patients using adjusted predicted estimates. In addition, we calculated the incremental cost-effectiveness ratio (ICER) as the ratio of the difference in costs between P4P and non-P4P groups and divided by difference in effectiveness for each cohort [37, 38] . All incremental measures were adjusted by the patient demographic and clinical characteristics as well as health care institutional characteristics. Bootstrapping with 100 replications with sample size equivalent to the original was used to obtain standard errors for the incremental measures [39, 40] . Each point of bootstrapped estimate of the adjusted incremental effectiveness and costs were generated and then plotted in an incremental cost-effectiveness plane [37] [38] [39] . All statistical operations were performed using SAS version 9.3 (SAS institute, Cary, NC) and Stata SE 12 version. A p-value<0.05 was considered significant. Tables 1 and 2 summarize baseline patient and healthcare provider characteristics for the matched P4P and non-P4P patients in the DM alone and DMHH cohorts. Before matching, we included 14,267 P4P patients and 220,383 non-P4P patients in the DM alone group, and 29,566 and 202,944 in the DMHH cohort. In both cohorts, significant differences were found between the pre-matched intervention and comparison groups (p<0.001) with respect to all characteristics assessed. After PSM for 1 to 1 matching, however, the two groups were found to be similar in both cohorts. Tables 3 and 4 report the incremental estimates and ICERs by direct medical costs and QALYs for P4P and non-P4P patients in both cohorts. Table 3 , which compares program effectiveness, intervention costs and cost savings for the two cohort groups, shows that both P4P groups received significantly more effective care (LYs and QALYs gains) than their corresponding non-P4P groups and their cost savings were significantly greater in both cohorts (both p<0.001). Specifically, with regard to effectiveness of care, LYs for P4P and non-P4P patients were 3.93 and 3.87 in the DM alone cohort. After multiplying utility weight by LYs, those values, reinterpreted as QALYs, were 2.80 and 2.71, respectively. Adjusted incremental values per LYs gained was 0.057 and per QALYs gained was 0.082 (p<0.001) ( Table 3) . With regard to costs of intervention for the DM alone cohort, the difference in adjusted incremental DM-OPD costs between P4P and non-P4P patients was TWD$13,682 (USD$456) and cost savings, analyzed by adjusted incremental DM-ED/INP cost, was TWD$-14,064 (USD$-468), and by adjusted incremental all-cause medical cost, was TWD$-35,571 (USD$-1,185). S3 and S4 Tables provide full models for the analyses used to obtain Table 3 results.  Table 4 , which further analyzes Table 3 data, shows that, compared to those for non-P4P patients, the ICER for cost savings (DM-ED/INP) as well as all cause medical costs by gains in LYs and QALYs were significantly greater for P4P patients in both cohorts (all <0.001). The ICER of intervention costs (DM-OPD) for P4P patients was TWD$167,251 (USD$5,575) per QALY gained compared to non-P4P patients in the DM alone cohort, whereas the ICER of cost savings (ED-ED/INP) was for TWD$-171,914 (USD$-5,730) per QALY gained and the ICER of all cause medical costs was TWD$-434,815 (USD$-14,493) per QALY gained. In the DMHH cohort, ICER of intervention costs (DM-OPD) for P4P patients was TWD$145,474 (USD$4,849) per QALY gained compared to non-P4P patients, whereas the ICER of cost savings (ED-ED/INP) was for TWD$-115,043 (USD$-3,835) per QALY gained and the ICER of all cause medical costs was TWD$-506,199 (USD$-16,873) per QALY gained. Fig 1 shows scat- ter plots for the distribution of incremental QALYs and incremental costs on the cost-effectiveness planes. That figure shows cost-savings in all cause medical costs were more than twice of intervention costs in both cohorts. It also shows that the DMHH cohort had slightly lower incremental intervention costs but greater cost-savings in all cause medical costs than the DM alone cohort.
Results
Discussion
Although the pay for performance (P4P) has been used improve healthcare delivery and quality for patients with chronic illness, evidence of its efficiency on different level of complexity is still lacking [16, 19, 38] . In this study, we evaluated the cost-effectiveness of a P4P program for diabetes quality of care among patients with diabetes alone and with diabetes, hypertension and hyperlipidemia in Taiwan. Rather than relying on simulation modeling of the schemes' consequences, we have directly estimated the incremental effects of costs and cost-effectiveness. For both cohorts we studied over 4-year long-term periods, we observed that the P4Ps significantly increased adjusted LYs and QALYs and made possible the cost-effective use of resources for diabetes patients. Specifically, we found that patients enrolled in the P4P program had greater program intervention DM-OPD costs but greater cost-savings in DM-ED/INP costs as well as all-cause medical costs in both cohorts. Previous studies have found that, after program enrollment, P4P patients had significantly more diabetes-related outpatient visits, greater expense, and higher utilization of guideline-recommended services than non-P4P patients [12, 23, 25, 41] . One study also found improving trends in P4P patients' intermediate outcomes [42] . Under such conditions, it can be expected that risks of emergency visit and hospitalizations caused by any diabetes-related complications or conditions as well as health expenses would decrease [15, 23, 25] . In addition, based on results in Table 3 . These results led us to conclude that the P4P were worthy investments, especially for patients with multiple comorbid conditions. To our best of knowledge, our research is the first paper which examined the cost-effectiveness between patients with diabetes alone and diabetes comorbid with hypertension and hyperlipidemia when compared to those without enrollment into the P4P program. Patients with multiple chronic conditions are the major users of health care services and became huge economic burdens for many countries [1]. The superior cost-effectiveness for the DMHH group might be explained by the fact that the diabetes P4P program in Taiwan requires participating healthcare providers to adhere to the American Diabetes Association (ADA)'s clinical practice guidelines for the standard care of patients with diabetes regardless of severity of disease. The guidelines contain treatment recommendations for diabetes patients with more than one common multi-morbid disease (e.g., hypertension, hypercholesterolemia, congestive heart failure, chronic kidney disease, cardiovascular disease, peripheral vascular disease, and benign prostatic hypertrophy) [14, 44] . As a result, almost all P4P program enrollees, including those in our DMHH group, benefited from the care with which they were provided. Through additional intensive follow-up care under the P4P program, patients with multiple chronic conditions may in turn reduce the risk of severe diabetes-related complications (e.g., acute myocardial infarction, stroke) and thus have greater cost-effective use of resources and cost-savings compared with those without enrollment in the program. This study has several limitations. First, we only estimated direct medical costs paid by the NHI rather than including opportunity costs, indirect costs or NHI infrastructure /administrative costs, as suggested by Meacock et al. [19] . Second, the study was not a randomized trial: it is not possible to assign patients randomly to have or not to have a chronic disease. To classify patients in real world practice given the secondary administrative data we have in hand, we can only use ICD-9 CM diagnosis codes or drug usage to classify patients with diabetes alone or with other comorbid diseases. Third, we were not able to obtain utility score for each patient with different level of complexity in our large study sample from the secondary databases. Alternatively, we can only use survey results for diabetes patients from a cross-sectional survey as proxy measures for estimating utility weights and QALYs. The utility weights for diabetes patients were similar to those of previous studies [45] . But we were still not able to distinguish utility for patients with diabetes alone and with comorbid hypertension and hyperlipidemia. Forth, we included patients who newly enrolled in the diabetes P4P program as case group. Those P4P patients may not sustain retention in the program during four-year follow-up period in each cohort. Finally, the data we used were obtained from diabetes populations in Taiwan, so the results may not be generalized to other P4P programs in other countries.
In conclusion, there is an intrinsic challenge to move the current trend of management of individual diseases toward the care of patients with chronic comorbid illness to improve patient centered care by providing adequate support for their particular symptoms, needs, and priorities for care [3, 46] . Our analysis suggests the P4P diabetes care program in Taiwan provided long-term cost-effective use of resources and cost-savings from the perspective of return on investment for diabetes care, particularly for patients with multiple comorbid conditions. Supporting Information 
